Photovoltaic (PV) panel is the heart of solar system generally has a low energy conversion efficiency available in the market. PV panel temperature control is the main key to keeping the PV panel operate efficiently. This paper presented the great influenced of the cooling system in reduced PV panel temperature. A cooling system has been developed based on forced convection induced by fans as cooling mechanism. DC fan was attached at the back side of PV panel will extract the heat energy distributed and cool down the PV panel. The working operation of DC fan controlled by the PIC18F4550 micro controller, which is depending on the average value of PV panel temperature. Experiments were performed with and without cooling mechanism attached to the backside PV panel. The whole PV system was subsequently evaluated in outdoor weather conditions. As a result, it is concluded that there is an optimum number of DC fans required as cooling mechanism in producing efficient electrical output from a PV panel. The study clearly shows how cooling mechanism improves the performance of PV panel at the hot climatic weather. In short, the reduction of PV panel temperature is very important to keep its performance operated efficiently.
INTRODUCTION
A renewable energy resource is going to be a main substitute for fossil fuels in recent years for their clean and renewable nature. Increasing world-wide energy demand and fossil-fuel depletion has been major driving forces for the researchers to be focused on renewable sources of energy [1] . Solar energy is the most promising renewable energy sources that the world needs. Sun as the main resources for this existing energy is utilized in one way by PV panels.
Generally, PV panels are categorized as the main component in developing solar system. MostPV panels have the major part of investment cost compared to another component. Thus, return of investment for development solar system is directly dependent electrical energy generated from PV panels. However, at present, the biggest problems encountered by using PV panels lie in the relatively lower electrical efficiency. Low efficiency of PV panels is regarding on their low energy conversion efficiency. The conversion efficiency depends on the type of PV panel used and the environmental conditions [2] . PV panels tend to be converted a part of the incident solar light into electrical energy the rest being wasted as heat. This heat is lost to the surroundings from the front surface and in the air gap at the back surface by convection and radiation. The heat generated induces an increase in the PV operating temperature. Due to electron transport properties, increasing in PV operating temperature will reduce the output generated by the PV panels dramatically. For example, crystalline silicon solar cells have a typical power temperature coefficient of -0.5% for every 1ºC rise in operating temperature [3] . Besides, increment in cell temperature leads to significant reduction in open-circuit voltage (Voc) caused by decreases in the band gap of the semiconductor. Therefore, the PV panel must be able to operateat low conversion operating temperature in order to generate efficient output power. To minimize the temperature degradation of the output power, the heat energy produced must be dissipated. Thus, the operating temperature can be kept close to the ambient temperature while decreasing in temperature difference.
In order to obtain efficient output power from PV panel, it is necessary to cool the PV panels by extracting the extra heat from the cell assembly in some way. This present paper focused on cooling mechanism that used air as cooling medium to reduce the temperature of PV panel. Air cooling technology either force or natural convection can be used to cool down the temperature of PV panel. H.G. Teo et al. carried out a study on the comparison of the electrical efficiency of the PV panel with and without cooling. Increasing the efficiency of solar cells was proved under cooling conditions [4] . Z. Farhana et al. reduced the temperature of solar panel by 40% when using a DC brushless fan as a cooling device. A DC brushless fan with inlet/outlet manifold design for uniform airflow distribution was attached at the back of PV panel [5] . O. Zogou and H. Stapountzis investigated the transient character of real world building integrated photovoltaic (BIPV) operated by the three different operated modes. The increasing fan capacity increases overall heat transfer and PV panel cooling performance [6] . Y.M. Irwan et al. investigated the effect of the air cooling mechanisms under indoor testing, which used halogen lamps as a light source. The impact of the air cooling mechanism was analyzed under different level of solar radiation and surrounding temperature. By using a DC fan to cool down the PV panel temperature, the power output has been observed with increasing solar radiation [7] . S. K. Natarajan et al. developed a 2D numerical model to predict the temperature (cell and lens) under peak solar illumination. The performance of cell temperature was tested by comparing without and with three numbers of fins [8] .
In this study, a cooling mechanism by forced air convection is developed and presented. The main objective of this study is to investigate the performance output of the PV panel with the existing of the different number of DC fans as cooling mechanism. Besides, the PV panel without cooling mechanism has been performed in order to make a comparison with the existing cooling systems. The purpose of the study is also to investigate the effect of the different number of DC fans which act as cooling mechanism for a PV panel.
2.
EXPERIMENTAL AND SYSTEM CONFIGURATION The experimental setup has been developed to investigate the effect of the cooling system for PV panel in the outdoor operation. Further details about experimental design have been discussed in this section. This section consists three parts, which described the whole development and testing for PV system without or with cooling experimental. The first sectionhas elaborated details about the process of PV system with the existing automatic cooling mechanism. Then, the construction of thecooling mechanism has been discussed. The last section was describing how all data has been collected during the experimental day.
Overall PV System Setup
This experimental setup was designed to explore the application of the cooling system in reducing PV panel temperature due to improve the performance output of the PV panels. To analyze the whole performance of PV panels, a PV system was designed as illustrated in Figure 1 . According to the figure, the system was developed based on stand-alone PV system installation requirement which independent of the electric utility grid operation. A PV panel acts as a generator to generate DC power to the direct current load. Each PV panel has a 100 W rating of maximum power output. The electricity generated by the PV panel was then stored in a deep cycle rechargeable battery. During operation, the controller features also used to protect the battery used from overcharging or deep discharge. Then, two units of DC lamp with each power rating at 5 W are used as a load demand. For cooling mechanism, the required DC fan whopowers up by a battery, extracted air from the surroundings to cool the panels. This cooling mechanism is very attractive because automatically operated, which leads to the energy saving. The operation of DC fan will be controlled by a PIC18F4550micro controller. This micro controller acts as a signal to ask the DC fan to operate. In addition, the required DC fan will not operate 24 hours, but only runs at certain certified PV operating temperature. For this study, all DC fans used will run when the operating PV temperature reaches 35 °C and above since the average daily ambient temperature in Malaysia is at 35 °C [9] . Figure 2 illustrates the DC fan cooling development. The cooling mechanism with PV panel installation is shown as in Figure 2 (a). Each design of DC fan cooling mechanism was attached at the back side of PV panel as to extract heat produced. The DC fan was installed with zinc sheet, which can work as the heat transfer application is shown in given Figure 2 (b). There is four mode operation of cooling mechanism were developed. Each mode operation was installed by a different unit of DC fan, which are one to four units for each PV panel. The position of DC fan installed with "turn in circulation" which means air from outside enters to the backside of PV panel. Normally, cool air has high density compared to the hot air. Thus, cool air from the outside environment will cool down the PV panel by removing the hot air produced through the panel. For this experiment, all DC fans will have the same specification. An analysis of the repeatability of the measurements was performed due to ensure reliability results produced. Thus, the experiment was conducted for 8 hours from 9.00 am to 5.00 pm at 10-minute intervals. The surrounding environmental temperature (ambient temperature) was measured using a digital temperature sensor. Temperature measurements are most the important measurement in this experiment due to investigate the impact of cooling system application. About four units of temperature sensor (LM35) are installed on the back side of thepanel as purpose to determine the average PV operating temperature distributed from a PV panel. Besides, the thermal imaging is used to capture the image of temperature distribution through PV panel. While ensuring the electrical output of the PV panel, current-voltage (I-V) measurements of the PV panel, as well as power charging of from battery were recorded in each experiment. The performances of PV panel are experimented with compared with different cooling mode operations as shown in Table 1 . 
Installation of DC Fan Cooling Mechanism

RESULTS AND DISCUSSION
Different modes operation of cooling mechanism was carried out to evaluate the influence of number DC fan as cooling mechanism for PV panel used. The detail analysis of the electrical and thermal aspects of PV panel has been conducted hence the necessary number of DC fan required for one unit PV panel can be determined.
Thermal Performance Characteristic
As the main purpose to provide a reliable cooling system, determination of the temperature distribution of the PV panel is a crucial factor. Figure 4 describes the performance of ambient temperature and the average PV panel temperature of the backside PV panel for different mode operation. A PV system normally designed according to the average surrounding temperature at site location, which is primarily a product of the ambient temperature. The average ambient temperature through the experimental day is 36.50 °C while the maximum value reach at 39.21 °C.Generally, the PV panel temperature will be higher than ambient temperature.
As can be seen in this figure, PV panels without a cooling system are exploring experienced in high level of operating temperature. The maximum PV panel temperature found about 59.88 °C at 39.21 °C of ambient temperature for PV panel with no cooling attached. The high operating temperature normally produced during high-intensity solar radiation. When the energy of the incident radiation is higher than the band gap energy of semiconductor, a portion of photon energy will transform into heat rather than electrical energy. Thus, the production of heat energy will lead into increments of PV panel temperature. But when attaching the cooling system, at same condition, the PV panel temperature can be reduced to 53.64 °C with one unit DC fan act as cooling mechanism. Cooling mechanisms observed to have greatly influenced on temperature reduction through PV panels. The overall results implied the operating temperature obviously dropped with the increasing number of DC fan. As it can be seen, by using four units of DC fan as a cooling device, the average PV panel temperature most significantly reduced compared to other mode operations. By using four units of DC fans, the average PV panel temperature reduced about 22.22% respectively. The PV panel temperature observed to be nearly the value of the ambient temperature of the day. Apart, the distribution backside temperature for PV panel with attached two and three units of DC fan looks not too much different to the four unit DC fans. The different between these three modes operation only about 2-3% of distribution temperature. Solar systems are outdoor electrical installations exposed to variation temperature, stresses of wind, rain, melt, and UV radiation in weathering. To ensure reliable operation during the full lifetime cycle of a PV panel, thermal imaging camera can play an important role. All thermal images captured during the highest intensity of solar radiation. Figure 5 observed the temperature variation over the surface of the solar panel. Thermography technique utilizes the cooler spots of the system by looking at the blue colored areas of the system as compared to the red zones. It clearly shows that large temperature differences along the panel surface were detected between the system with and without the cooling system. The result reported that measured temperature ranges distributed from 31.1°C to 54.01 °C respectively. Hottest portion found on PV panel without cooling mechanism with the maximum temperature at 54.01°C at ambient temperature of 39.21 °C. High temperature distributed caused by existing difference temperature among surrounding and PV panel temperature. The difference in temperature will lead into heat generated and increased the operating temperature of PV panel. But by attaching four units DC fan, it was warm to 39.86°C. In addition, the average PV panel temperature by using M3 and M4 almost achieved the temperature distributed by using M5 operation. While, the average temperature of M2 operation observed in high condition with the range above 40 °C. Based on the result produced, the increase number of DC fans decreases the PV panel temperature as the heat was removed from the PV panel. Figure 5 . Temperature distribution through the front surface PV panels for different mode operation
Electrical Performance Analysis
Different modes of cooling operation and without cooling (reference) were carried out to evaluate the impact of a number of fans in improved the performance of PV panel. The I-V characteristic of the PV panel in the experiment was measured in order to calculate the generated power output produced. Figure 6 shows the current output produced by each PV panel through the experiment. The current output for each mode operation observed started to be increased value from 11.00 a.m. to 2.00 p.m., which is at peak solar radiation and high ambient temperature. With the existing of cooling mechanism, the current output obtained slightly increased with the decreasing PV panel temperature. The current output of a PV panel cooled by DC fan is higher than that generated by no cooling attached. Such as an example, the highest current observed to be produced by using M5 mode operation by 4.97 A at 1.40 p.m. during the highest ambient temperature. While, in the same condition, only 3.49 A have been produced when no cooling mode was attached. An increment in the current with a reduction in temperature is due to a marginal increase in the photo-generation rate, which in turn is due to a reduction in band gap energy [10] . The effect on the different number of DC fans on voltage output of the PV panels compared with no cooling attached was illustrated as in Figure 7 . As can be seen in this figure, the increment of the number DC fan will increase the voltage output of the PV panel. The main focused analysis is when the PV panel experienced in high ambient temperature, which is from 11.00 a.m. to 2.00 p.m. With almost in range above 15 V, the increasing number of DC fan observed to give a great impact on voltage performance. Instead, at same condition, PV panel without cooling mechanism experienced in low voltage at high level of solar radiation. The lower voltage found in the highest ambient temperature which at mode operation with no cooling mechanism attached with 13.55 V of voltage output. As can be observed, the voltage output from M1 operation maintained with a low value at a high ambient temperature. Rising withthe temperature increase the dark current resulted decreasing in the band gap of the semiconductor, has a remarkable effect on voltage [11] . However, with existing cooling mechanism, the voltage output has improved their performance output at the same condition. With applying cooling mechanism, about 3.7% increasing in voltage output can be produced. The percentage increments observed can be improved by increasing the number of DC fan to 2, 3 and 4 units respectively. About 14.5% of percentage increments in voltage output can be observed by attaching four units, DC fan at the backside PV panel. Thus, the development of cooling mechanism has a great impact in temperature reduction at the hot climatic weather. Figure 8 describes the overall total of power output generated by each mode operation. As shown in this figure, by increasing the number of DC fan, a remarkable increase in power output was found. Without applying cooling mechanism to the PV panel, only 42.53 W of power output can be produced at a higher ambient temperature. Lower in power output generated due to increase in operating temperature PV panels when more heat energy is produced rather than electrical energy. Instead, at same condition, it should be noticed that the power output is increased about 12.93 % by introducing one unit DC fan for cooling PV panel. The figure has also revealed, without cooling mechanism attached to PV panel, the power output in a worst condition as PV operating temperature resulted in high condition. By further increasing the DC fan from 2 to 3 and 4, the power output increased to 67. As expected, there is a clear trend of increasing in the power output of the PV panels by increasing the number of fans. This has happenedsince the PV transformation of solar energy to electricity increases on account of PV operating temperature decreases. Increasing the DC fan number improved the effect of heat transfer area of PV panel with more air circulation produced. However, the increase in the number of fans leads to more electrical power consumed, and more capital investment required. Thus, it is concluded that an increasing number of fans are not always leading to increasing total power output generated.
There have the number of fans required as cooling mechanism for PV panel to achieve maximum power output. The quantity of DC fan for a unit PV panel depends mainly on the total amount of heat needed to be removed. Besides, the size of PV panels and atmospheric factors of site location becomes the important factors in determining the necessary number of DC fan as cooling mechanism. By referring the thermal and electrical result, the necessary number of DC fans for the type PV panel used is two units respectively since there are not too much differed in output performance between three and four units DC fans. Furthermore, the installation cost of cooling mechanism for PV panel can be reduced with minimized the number of DC fan. Thus, the effective and economical PV system can develop with the existing cooling mechanism.
CONCLUSION
As conclude, this paper explored the impact of cooling mechanism for the overall performance of PV panel. In general, the increasing in operating temperature of PV panel caused by heat energy generated through PV panel. The increasing in temperature will lead to the decrement power output of the PV panels. Therefore, the cooling mechanism has been installed at the PV panel in order to solve this existing problem. By referring from the result produced, the PV panel without cooling mechanism experiences in high operating temperature. However, the existing cooling mechanism will reduce the PV panel temperature then increased its power output. The increasing number of DC fans leads to the decrease more PV panel temperature. Unfortunately, increasing in a number of DC fans will consume more energy from a PV panel. There is the optimum number of DC fan required for PV panel used. The selection of the number DC fan mainly depends on the several factors such as atmospheric condition, speed and airflow DC fan used and size of the PV panel. Furthermore, the existing cooling mechanism identified to be the energy-saving system with the PIC18F4550 micro controller acts as controller operation of the selection DC fan. It is because the electrical energy used from PV panel can be minimized with only operated during hot climate weather. Thus, the DC fan will not operate for 24 hours per day. 
